Microarray Analysis
[ eeee— |

Universal Reference RNA
A Standard for Microarray Gene Expression Experiments

Natalia Novoradovskaya, M.D., Ph.D.
Senior Scientist

Metrology and Standards Needs for Gene Expression Technologies:
Universal RNA Standards

Stanford University, March 28-29, 2003



Microarray Analysis

Talk Agenda

1. Universal Reference RNA (URR):
- What is it?
- How is it used?
- Reference microarray design.

2. URR preparation:
- cell lines versus tissues
- selection of cell lines for genome coverage
- unigue gene contribution by the individual cell lines
- RNA preparation and stability (isolation and quality control)
- validation and testing on microarrays

3. Microarray coverage
4. Comparison to another reference RNA
5. Lot-to-lot consistency
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What is Universal Reference RNA ?

Universal Reference RNA (URR) is a blend of total RNA isolated
from multiple cell lines representing different tissues to maximize
gene expression profile

Universal Human Reference RNA (UHRR) - 10 human cell lines
Universal Mouse Reference RNA (UMRR) - 11 mouse cell lines
Universal Rat Reference RNA (URRR) - 14 rat cell lines
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How Universal Reference RNA iIs used?

Universal Reference RNA is used as a reference
sample in any two-color hybridization experiment, where
one channel (Red) is used for experimental sample and
the second channel (Green) is used for a “reference”.

The Intensity Ratio between Red/Green channels (log R/G)
reports the relative quantity of RNA targets in two samples.

Semi-quantification in combination with synthetic transcripts,
which might be “spiked” into URR at fixed absolute concentrations
(“SpotReport Alien” kit contains 10 different artificial synthetic
sequences).
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“Reference” Microarray Experiment Design
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» Reference is a common denominator between hybridizations
* |t allows comparison of the multiple microarray experiments

Universdl RNA Standards Workshop, March 28-29, 2003 @'mmf



Microarray Analysis

[
Microarray Experiment Design
“Applying Common Denominator”
Macrophages: Normal (MM) a1AT Mutant (Z7) alAT Universal Human
M1 M2 71 72 73 Reference RNA
P — P —————— (Stratagene)
RNA isolation: ‘t""ii'— /‘t-'-"if = %T_ B C‘-C-‘-"T xf—:-ti_ = ﬁ
Reverse ﬁ ﬁ ﬁ ﬁ ﬁ i
Transcription: l l l l l
- B ."__H o . -— ._’ -
Aﬁ?w --"T‘:Tw —T" g, *——u...»
Cy5-labeled 1 == Z1 —t 3 Cvalabeled
cDNA M2 72 ys-labele
Reference cDNA
Z1 Z2 Z3
_ cDNA cDNA cDNA cDNA cDNA
Microarray Reference Reference Reference Reference Reference
hybridization: CDNA \ cDNA cDNA cDNA cDNA
n=2 n=2 n=2 n=2 n=2
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Arrays 1-10

Analysis of Microarray Data Using UHRR

Disease

Arrays: 5 6 7 8 9 10
Samples: 85 M2 90 M2 86 M3 91 M3 87 71 92 71 88 Z2 93 Z:89 Z3 94 73

Intensity Cy5 (Experimental) 790 54, 79 101| 182 127, 290|110, 228 228
Intensity Cy3 (Reference-UHRR) 1235 111 134 184 169 111 186 110 178 178
RIG (Cy5/Cy3) ratio 0.64 049 059 055 108 115 156 1 1.28 1.28
log2 of R/G ratio -0.64 -1.04 -0.76 -09 011 0.2 064 -0 035 0.35
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* Fluorescence intensity depends on variations in spot size and shape,
amount of spotted cDNA, labeling and hybridization conditions

* Red/Green (R/G) ratio allows comparison of relative expression levels

*Log?2 of R/G ratio results in symmetric distribution about zero

Cluster
Analysis
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Why cell lines versus tissues?

o Availability of material
- easy to grow
 RNA quality
- RNA isolation is simple and quick, minimizing RNA degradation

 Lotto lot reproducibility

- easy to control cell growth using standard tissue culture conditions;
same passage numbers, media, temperature and harvesting
method
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Use of Pooled RNA from Different cell lines
as a Reference

Reference RNA from multiple cell lines was developed at
Stanford University in Botstein / Brown Laboratory.

This blend of RNA from 11 human cell lines was successfully

used for several years as a common reference RNA to study
gene expression in multiple breast, lung and liver cancer samples.
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Universal Human Reference RNA (UHRR)

Stratagene’s UHRR was developed in collaboration with
Botstein/ Brown’s research group at Stanford University

and is analogous to their common reference
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Cell-Line Dendrogram of Gene Expression Patterns
Related to the Tissue of Origin of the Cell Lines
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Universal Human Reference RNA (UHRR)

To obtain broad gene representation, 21 human cell lines derived
from different tissues were used as candidates for UHRR

|

Cell line selection criteria:
- gene expression pattern
- ease of growth in standard tissue culture conditions

- RNA yield and quality

|

10 cell lines were selected for the final UHRR blend
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Universal Human Reference RNA Preparation

Ten human cell lines derived from different human tissues were selected
to imitate the expression profile the majority of human genes

TISSUES — CELL LINES — RNA ISOLATION

LIVER

' BRAIN —— Equal quantities of total RNA from

! | § SKIN o each cell line were pooled together

[/l W\ BREAST a

A -'-. , e .
I 1 # 1 W CERVIX -~

Iy ADIPOCYTE —

T-LYMPHOCYTE s

B-LYMPHOBLAST e * Every gene expressed in
MACROPHAGE e individual cell line will
be present in the Reference
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RNA Isolation and Quality Control

Total RNA isolation method:

guanidine thiocyanate/silica-based fiber matrix with DNase treatment

Quality Control:

1. Spectrophotometry
OD5g0/280> 1.8
2. Formaldehyde-agarose gel electrophoresis
18S and 28S ribosomal bands without degradation
3. RNase contamination testing ( 2hr incubation at 37° C)

4. RNA concentration is determined using RiboGreen Dye and
by specrtophotometry

5. Agilent 2100 Bioanalyzer
18S and 28S ribosomal bands without degradation,
rRNA Ratio [28S5/18S] > 1.5

6. Evaluation of gene representation using microarrays.
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RNA Quality Control

Total RNA was isolated from 10 human cell lines with DNase treatment

A Cellline A 260/280

1.9984
1.9480
1.9406
1.8161
1.9954
1.8833
19174
1.9967
1.9768
1.9989

Boom~N~ouhswhpr

11. UHRR Pool: 1.9927

* OD 460280 > 1.8

Kb

9.49
7.46

4.40

2.37
1.35

0.24
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1.25% formaldehyde-agarose gel,
ethidium bromide staining

« 18S and 28Sribosomal bands are without degradation
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RNA Quality Control Using Agilent Bioanalyzer

Data File: Human Universal Reference RHA Assay: Eukaryote Total RHA Hano
Fiead: 152002, 11:21:18 AN

Human Universal Reference RiA
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Samplel Settingsl RkA Hesultsl Enorsl

40.70

2 285 46.00 48.90 214.83 338

RMN& Area 635.41
RM& Concentration 346 ng/ul
RMA Ratio [285 £ 185] 1.64

» 18S and 28S ribosomal bands without degradation
« 28S /18Sratio > 1.5
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Hybridization of UHRR to 16,000-spot Human cDNA
Microarrays (Agilent)

Self-to-self hybridization Scatter Plot
UH RR'C3/UHRR'CY5 Normalized Data Using LOWESS/SubGrid

R =0.9934

Cy5 Intensity, Logarithmic Scaling

3 05
i
4

Cy3 Intensity, Logarithmic Scaling

93% of spots have intensity > 1x background
70% of spots have intensity > 2x background
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Microarray Coverage

Array platform Array Spots  Spots with Intensity -Bkgr value above:

number  number
used for zero 1x background 2x background
analysis % % %

Universal Human Reference RNA

NCI, NIH 3 7,600 99.9 99 97

NCI, NIH 6 10,000 99.9 98 82

Agilent 4 16,000 99.9 92 68

Stanford University 6 41,000 99.9 86 63

Stanford University 11 43,000 99.9 85 60

Universal Mouse Reference RNA

NCI, NIH 3 8,700 100 97 93
University of North 4 7,500 100 97 85
Carolina

Agilent 4 8,000 100 85 65
PanVera 1 10,000 99 91 65

Universal Rat Reference RNA

NCI, NIH 2 6.500 98 81 62
Agilent 8 14,000 99.7 86 72
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Comparison of UHRR and Stanford Common Reference RNA
on 41 K Stanford cDNA Microarray

UHRR-Cy3/CRF-Cy5 s CRF-Cy3/UHRR-Cy5

Total number of spots: 41,000 Total number of spots: 41,000
Flagged spots: 5482 Flagged spots: 4871
Used for analysis: 35,518 Used for analysis: 36,129

» Stratagene Universal Human Reference RNA covers the same number
of spots on 41 K microarray as Stanford common reference (~ 65 %)

» 1649 genes expressed in Stanford reference not present in UHRR
1584 genes expressed in UHRR not present in Stanford reference
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Lot to Lot Comparison of UHRR: Hybridization of UHRR
to 16,000-spots Human cDNA Microarray (Agilent)

Scatter Plots, Normalized Data (LOWESS Sub-grid)

Self -to-self hybridization Lot -to-lot comparison
UHRR-Cy3/ UHRR-Cy5 Lot#1 UHRR-Cy3/ lot#2 UHRR-Cy5

Cy5 Intensity-Bkgr, Log Scaling
Cy5 Intensity-Bkgr, Log Scaling

|I:T|!|:ﬂ| 1! i

Cy3 Intensity-Bkgr, Log Scaling Cy3 Intensity-Bkgr, Log Scaling
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Organizations where URR has been adopted

« NIH

 NCI (Directors Challenge)
e TIGR

o Stanford University

« UCSF

e Boston Univ. Med Center
e Harvard Partners

e MIT

e Univ. North Carolina

e Univ. Toronto/UHN

e DKFZ
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EMBL

Wellcome Trust — Sanger
Center

MRC

Johnson & Johnson

Pfizer

Univ. Texas SWMC

Univ. of Penn

Sloan Kettering Memorial
Yale Univ.

Columbia Univ.

Singapore Genome Institute
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